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@ BiCMOS device having closely-spaced contacts and method of fabrication. 



0 A BiCMOS metiiod and device. The BiCMOS 
device achieves improved performance through the 
use of siiicide contacts overlying doped polysilicon 
which extend fully up to and contact sidewail oxide 
formations. Siiicide contacts In emitter regions and 
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gate regions are separated from siiicide contacts of 
base contacts and source and drain contacts only by 
the thickness of the sidewail oxides, which are adja- 
cent the emitter region and gate regions. 
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The present invention relates to the field of 
semiconductor devices and their manufacture. 
More specifically, in one embodiment, the invention 
provides both bipolar and complementary metal- 
oxide (CMOS) semiconductor devices on a single 
substrate and a process for their fabrication. 

Bipolar and CMOS devices and their fabrication 
have been well known for many years. Recently, 
the advantages of both types of devices have been 
beneficially Incorporated into circuits using both 
types of devices on a single substrate. Circuits 
which incorporate both bipolar and CMOS devices 
have come to be known as "BiCMOS." BICMOS 
devices offer the advantages of the high packing 
density and low power consumption of CMOS de- 
vices, as well as the high speed of bipolar devices. 
One BICMOS device and process for fabrication 
thereof is described in U.S. Patent No. 4,764.480 
(Vera), assigned to the assignee of the present 
invention. 

While meeting with some success. BICMOS 
devices continue to have certain limitations. For 
example, electrical contacts in BICMOS devices 
have caused limitations in their use. One limitation 
Is the current drive capability of CMOS devices 
which is typically limited by source/drain sheet 
resistance. Extrinsic base resistance in bipolar tran- 
sistors Is in some instances an important factor in 
AC performance of bipolar structures. Still further, 
collector-substrate junction capacitance degrades 
the speed of bipolar circuits. High resistivity of a 
polysllicon-silicon substrate contact can limit the 
performance of especially small devices (e.g., sub- 
micron). Further, source and drain contacts in pre- 
vious devices were spaced an undesirable distance 
from the gate of MOS transistors. Also, ground tap 
resistance may be a limiting factor in removal of 
injected current from the substrate in vertical fuse 
devices. 

From the above it is seen that an improved 
BiCMOS device and method of fabrication thereof 
is desired not only to provide devices with Im- 
proved performance and reduced size, but also to 
provide devices which can be fabricated more 
quickly and economically. 

The invention as defined in independent claims 
provides devices which have improved perfor- 
mance, reduced size, and/or which may be fab- 
ricated more quickly and economically. The inven- 
tion may provide for source and drain contacts in 
MOS or CMOS devices extending fully up to gate 
sidewalls, so that only the gate sidewall thickness 
separates the source and drain contacts from the 
gate contact In some embodiments, the Invention 
further provides for base contacts which extend 
fully up to the emitter sidewall oxide. In a preferred 
embodiment the process enables the formation of 
about 0.8 urn or smaller design rule CMOS and 



bipolar transistors. The devices disclosed herein 
may be used with, for example, high performance 
Emitter Coupled Logic (ECL) standard cell designs, 
memory cells, gate array designs with embedded 

5 memory, and the like. 

In one embodiment the invention comprises 
forming an active region in a substrate, and for- 
ming a first polysilicon region on the substrate over 
a portion of the substrate where the active region is 

10 located. First and second oxide spacers are formed 
on the sidewalls of the first polysilicon region. A 
second polysilicon layer is formed which extends 
fully up to the oxide spacers and is formed on the 
substrate in the area of the active region. A refrac- 

15 tory metal coating is placed on the upper surface 
of the first and second polysilicon layers, with the 
coating on the second polysilicon layer extending 
up to the spacers. The metal is reacted with the 
adjacent polysilicon to produce a layer of metal 

20 silicide, which covers at least a portion of the upper 
surface of the first polysilicon region and at least a 
portion of the second polysilicon layer, and extends 
up to the first and second spacers. 

A further understanding of the nature and ad- 

25 vantages of the inventions herein may be realized 
by reference to the remaining portions of the speci- 
fication and the attached drawings. 

Fig. 1 is a cross-section of a BiCMOS structure 
according to one embodiment of the invention; 

30 and 

Fig.*s 2a to 2p Illustrate fabrication of a BiCMOS 
device. 

DESCRIPTION OF THE PREFERRED EMBODI- 
36 MENTS CONTENTS 

I. General 

II. Fabrication Sequence of a BiCMOS De- 
vice 

40 

I. General 

Rg. 1 illustrates a BiCMOS device in cross- 
section according to one embodiment of the inven- 
ts tion. The device includes a bipolar transistor 2 
(which in the embodiment shown in Fig. 1 is an 
NPN transistor), an n-channel MOSFET (NMOS 
transistor) 4 and a p-channe! MOSFET (PMOS 
transistor) 6. The devices are fabricated on a sub- 
so strate 10 which includes a single-crystal body 10a 
and an epitaxial layer 1 1 . In the embodiment shown 
In Rg. 1 the single-crystal body is a p- conductivity 
body having a dopant concentration of between 
about 1x10^3 and 1x10^^ atoms per cubic centi- 
55 meter. Using well known techniques a reduced 
pressure n-type epitaxial silicon layer 1 1 of desired 
thickness is grown on top of the single-crystal 
body. The devices are fabricated In the epitaxial 
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layer 1 1 as described below. 

In most embodiments the NMOS transistor 4 Is 
formed in a p+ tub or well 12 and the PMOS 
transistor 6 is formed in an n+ tub or well 14. In 
preferred embodiments the n+ well 14 is doped to 
a concentration of between about 1x16^^ and 
2x102o/cm3, and the p+ well 12 is doped to a 
concentration of between about lx10^^ and 
IxlO^Vcm^, although a wide range of dopant con- 
centrations may be used without departing from the 
scope of the invention. Wells 12 and 14 enable the 
complementary conductivity devices to be formed 
on a single substrate. 

The NPN transistor 2 is provided with a heavily 
doped buried layer 16 and collector sink 17, which 
together provide a low resistance connection region 
between a collector contact 20e and the collector 
16a beneath a p-type base 18. In preferred em- 
bodiments the burled layer 16 and sink 17 are 
doped to a concentration of between about 1x10^^ 
and 1x10^0 with arsenic, antimony or the like, with 
a preferred range of about 5x1 to IxlO^o/cm^. 
The collector 16a is a more lightly doped n-type 
formed between the base region 18 and the buried 
layer 16. An emitter region 27a is diffused from the 
emitter contact 27 into the underlying epitaxial lay- 
er 11. 

The NMOS device 4 and PMOS device 6 in- 
clude regions which are formed in the epitaxial 
silicon region 11. In the NMOS device 4, there are 
two self-aligned n type regions 20a, 20b that serve 
as the source and drain regions of the NMOS 
device. In the PMOS device 6, there are two self- 
aligned p type implanted regions 20c. 20d that 
serve as the source and drain regions of the PMOS 
device, 

P+ channel stops 19, 19* are provided be- 
tween the transistors and adjacent devices to pre- 
vent leakage which would short circuit the buried 
layer 16 or well 14 with adjacent devices. Between 
the NMOS transistor 4 and the PMOS transistor 6, 
between the sink 17 and the base 18, between the 
NPN and NMOS transistor, and between the tran- 
sistors shown in Fig. 1 and adjacent transistors, 
oxide isolation regions 22a. 22b, 22c, 22d, and 22e. 
respectively, are provided for device isolation 
which typically will be Si02. Viewed from the top of 
the structure, these oxide isolation regions connect 
to each other to form annular bands around the 
active device areas. 

Along the surface of the device are polycrystal- 
llne silicon (polysilicon) regions forming a resistor 
24. p+ base contact 26, a portion of which 26* also 
functions as an end contact portion of the resistor 
24. emitter contact 27, n+ collector contact/NMOS 
drain contact 20e, NMOS source contact 28, 
NMOS gate 30, p+ source contact 32. PMOS gate 
34, PMOS drain contact 36. and well tap 36a. The 



polysilicon regions are formed from two separately- 
deposited layers of polysilicon, as described below. 

Thin gate oxide layers 38. 40 are provided 
beneath the NMOS and PMOS transistor gates, 

5 and sidewall oxide 42 is provided on the sides of 
the NMOS and PMOS gates. In preferred embodi- 
ments the NMOS gate is formed of heavily doped 
n + polysilicon, while the PMOS gate is formed 
from n+ or p+ polysilicon, with n+ preferred 

70 because n+ will provide a buried channel device 
while p+ will provide a surface channel device. 
Sidewall oxide 44 is also provided on the sidewalls 
of the bipolar emitter 27. In the embodiment de- 
picted in Fig. 1, the PMOS drain contact 36 is p + 

15 doped and is adjacent to an n + doped polysilicon 
region 36a which extends fully up to the PMOS 
drain contact 36. 

Refractory metal sillcide contacts 46a-46b are 
formed on the p-t* bipolar transistor base contacts 

20 26. Portions 46a, 46a' of the silicide contact cover 
the upper portion of the base contacts 26, 26* and 
extend up to and contact the sidewall oxide 44 of 
the emitter 27. A portion 46b also covers the 
sidewall of the base contact 26'. A separate silicide 

25 contact 48 is provided along the top portion of the 
emitter 27 between the sidewall spacer oxide re- 
gions 44. Thus, only the very narrow (typically less 
than about 0.2 microns) thickness of the sidewall 
oxide 44 separates the emitter contact 48 from the 

30 base contacts 46a. 

Similarly, the collector contact 20e is covered 
on its upper surface with silicide 35a and on its 
sidewall with silicide 35b. The NMOS source con- 
tact 28 is covered on its upper surface with silicide 

35 .54b and on its sidewall with silicide 54b\ The 
NMOS gate 30 is covered on Its upper surface with 
silicide 50 extending between the sidewall oxide 
42. The p+ source contact 32 is covered on its 
upper surface with silicide 54c and on its sidewall 

40 surface with silicide 54c*. The PMOS gate 34 is 
covered on Its upper, surface with silicide 52 ex- 
tending between the sidewall oxide 42. The p + 
drain contact 36 and n + well tap 36a are covered 
on their upper surface with silicide 54d. 

45 Like the contact for the emitter 27. the silicide 
contacts 50 and 52 for the NMOS and PMOS 
gates, respectively, extend only from sidewall oxide 
to sidewall oxide. Conversely, the silicide contacts 
54a, 54b. 54b', 54c, 54c'. and 54d for the NMOS 

50 and PMOS transistor contacts extend up to and 
contact the sidewall oxide 42, 42' of the gates 30 
and 34. The silicide contact 35b for the collector 
contact 20e covers the sidewalls of the contact 
down to field oxide region 22b. as well as the 

55 upper surface 35 of the collector 20e. with the 
collector contact upper surface silicide 35a being 
continuous with the NMOS contact silicide 54a. 
The refractory metal contacts shown herein reduce 
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the resistivity of the adjacent polysilicon contacts 
and, therefore, increase the speed of the device. 

The structure further Includes a thick (about 0.8 
to 1 .3 and preferably about 1 .Sum) oxide layer 56 
to insulate the devices from metal layer 58, used 
for interconnection purposes. 

11. Fabrication Sequence of a BiCMQS Device 

Fig/s 2a through 2p illustrate fabrication, of the 
BiCMOS devices shown in Rg. 1. In particular, Rg. 
2a Illustrates a cross-section of the devices at a 
first stage of their fabrication. To reach this stage, 
the substrate 10 was masked for simultaneous for- 
mation of the n+ well 14 and the npn buried layer. 
16 with arsenic, antimony, or the like. The implant 
energy used for formation of regions 14 and 16 is 
preferably between about 50 arid 200 KeV, with a 
preferred range of about 70 to 80 KeV such that 
the dopant concentration of regions 14 and 16 is 
between about 1x10^^ and 2x1 O^*', with a preferred 
range of between about 1x10^^ and IxlO^^/cm^. 

After formation of the n+ regions 14 and 16. 
the device is then masked for simultaneous forma- 
tion of the p+ channel stop 19 and the NIVIOS well 

12. The implant used in formation of the regions 19 
and 12 is preferably between about 10 and 200 
KeV with a preferred range of 50 to 150 KeV such 
that the dopant concentration of the p+ buried 
layers is between about 1x10^^ and IxlO^^/cm^- 
The p + regions preferably are doped with boron. 

The buried layer/channel stop mask is then 
removed and an intrinsic n-type epitaxial layer hav- 
ing a thickness of about l.lu is grown across the 
surface of the device. A photoresist mask is then 
fonmed over the device so as to define field oxide 
regions 22a. 22b. 22c. and 22d. The oxide regions 
are formed using a modified Sidewall Masked iso- 
lation ("SWAM!") process. The SWAMl process is 
described In, e.g.. Chin, et al.. IEEE Transactions 
on Electron Devices , Vol. ED-29. No. 4, April 1982, 
pp. 536-540, incorporated by reference. The sub- 
strate is then oxidized in a highly pressurized oxi- 
dation environment to grow the necessary field 
oxide. 

Thereafter, a grown screen oxide layer having 
a thickness of about 250A is fomned on the surface 
of the device and a mask is formed, exposing only 
the sink region 17. A sink implant using an implant 
energy of between about 100 and 190 KeV with a 
dose of between about 1x10^* and 1x10^^ is pre- 
fen-ed using phosphorus as a dopant. The resulting 
dopant concentration in the sink region 17 is be- 
tween about 1x10^3 and IxlO^^/cm^. The sink mask 
is then removed and a separate mask/ion implanta- 
tion is performed to dope the well and channel 
region of the PMOS transistor to a concentration of 
between about 1x10^^ and 1x10^^ using phospho- 



rus as a dopant. In preferred embodiments the 
implant energy used for the PMOS channel region 
is between about 50 and 180 KeV. The resulting 
net dopant concentration in the channel region is 
6 between about and 1x10^^ and IxlO^o. The sink 
and n-well are then annealed and driven-in by 
heating with a conventional thermal cycle in nitro- 
gen. 

Thereafter, a mask is formed on the surface of 

10 the device which exposes only the NMOS and 
PMOS transistor regions. This mask is used for a 
threshold voltage implant as shown in Fig. 2b. The 
implant may be used to adjust the threshold volt- 
age of the NMOS and PMOS transistors as neces- 

15 sary. typically to between about |0.5| and |1 .0| volts. 
In preferred embodiments the threshold voltage 
implant is an implant of boron at a dose of between 
about 1x10^2 to 1x10^^ and on energy between 30 
and 100 KeV, preferably about 50 KeV. The thresh- 

20 old voltage implant sets the threshold of the MOS 
transistors. The boron and the up-diffusing p + 
from the buried layer will set the well profile for the 
NMOS transistor. The threshold voltage implant in 
conjunction with the n-well implant sets the thresh- 

25 old voltage for the PMOS transistor. In preferred 
embodiments the threshold voltage implant ulti- 
mately provides transistors with threshold voltages 
of about 0.7 to 0.9 volts for NMOS and -0.8 to -1.0 
volts for PMOS. 

30 The screen oxide then is stripped and a thin 
(on the order of 100 to 200A, preferably 135-165A) 
gate oxide layer 59 is grown using means well 
known to those of skill In the art. A thin (on the 
order of 100 to 1000A, preferably 400-600A) layer 

35 of polysilicon 60 is then deposited on the thin gate 
oxide layer and a mask 62 is formed on the poly 
layer to define the NMOS and PMOS gates. A 
plasma etch removes the undesired polysilicon 
from all regions of the device except those over the 

40 NMOS and PMOS gates to provide the configura- 
tion as shown in Rg. 2c. Next, a wet etch is used 
to remove the underlying oxide. The mask is then 
removed by conventional techniques. Protection of 
the gate oxide provides MOS gates 59a, 59b hav- 

45 ing fewer defects since they are not exposed di- 
rectly to photoresist. 

Rg. 2d Illustrates the next sequence of process 
steps. Another layer of intrinsic polysilicon 64 hav- 
ing a thickness of alDOUt 1000 to 4000 A. preferably 

50 about 3200A is deposited across the surface of the 
device and a cap oxide layer 66 is formed by 
thermal oxidation of the polysilicon layer 64. The 
devices are then masked with photoresist to ex- 
pose at least the base region of the bipolar transis- 

55 tor and the lightly doped regions of the resistors. In 
some embodiments, only the NMOS and PMOS 
transistor regions are protected by the mask. A 
base implant Is then performed and the base is 
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annealed. In preferred embodiments the base im- 
plant uses an energy of between about 30 and 100 
KeV, with an implant energy of between about 30 
and 50 KeV and a dose of about 3x1 0^^ to 8x10^3 
preferred. An anneal is performed by heating the 
structure to. about 950 "C for about 45 minutes, 
and results In a p- base region having a thickness 
of between about 1000 and 2000A with a dopant 
concentration of between about 1x10^^ and 
IxlO^Vcm^, with a dopant concentration of about 
5x10^^/cm3 preferred. 

Thereafter, as illustrated in Fig. 2e, a mask Is 
formed which exposes regions 68a, 68b, and 68c 
which will eventually be used as the bipolar emitter 
contact, the NMOS gate, and the PMOS gate. The 
regions 68a. 68b, 68c are doped n+ using an 
arsenic Implant with an energy of about 100 KeV to 
a concentration of between about 5x1 0^^ and 
1x102°/cm3. As discussed above, the NMOS and 
PMOS gates may be either n+ or p+ and thus 
may be implanted using an n+ or a p+ mask. For 
purposes of the following description, the NMOS 
and PMOS gates will be described as being n + 
doped. 

In Fig. 2f, a layer of nitride 69 having a thick- 
ness of between about 1000 and 1200A is depos- 
ited for the purpose of preventing undercutting of 
the underlying silicon. The polysiiicon layer 64 is 
then annealed at 850 to 950 ' 0 for a time of about 
10 to 20 minutes. 

Next, a mask is formed on the surface of the 
nitride to define the collector of the bipolar transis- 
tor and the gate of the NMOS and PMOS transis- 
tors. A dry etch with chlorine chemistry results in 
the structure shown in Fig, 2g. The mask is re- 
moved and a photoresist mask is formed to expose 
the source and drain region of the NMOS transis- 
tor. A lightly doped drain (LDD) implant is per- 
formed in which the source and the drain are lightly 
implanted with an n-type dopant such as phos- 
phorous or arsenic and using an implant energy of 
between about 20 and 100 KeV with implant en- 
ergies of between about 20 and 50 KeV preferred. 
This implant results In a net dopant concentration 
in the source and drain regions 72 of the NMOS 
transistor of between about 1x10^^ and 1x10^^. In a 
similar fashion, as illustrated In Rg. 2g. a p-type 
LDD using a dopant such as BF2 or B+ is per- 
formed across the surface of the bipolar transistor 
and the PMOS transistor with only the source and 
drain of the PMOS transistor and the base region 
of the bipolar transistor exposed by a mask. As 
seen in Rg. 2h, a more heavily doped p-region 74 
is formed in the base of the bipolar transistor and a 
more heavily doped p-region 76 Is fonfned around 
the gate of the PMOS transistor, as seen in Fig. 2h. 
The resulting net dopant concentration in the re- 
gions 74 and 76 is between about 5x10^^ and 



IxlO^^/cm^. The implant energy is preferably be- 
tween about between about 10 and 60 KeV. When 
is used as the dopant, the lower range of 
implant energy is used. 
5 A Low Temperature Oxide (LTO) deposition is 
next performed. The oxide is then etched back 
using conventional means, leaving spacer oxide 48, 
42, 42' on exposed sides of the gates and emitter. 
As seen in Fig. 2i, a second layer of polysiiicon 
10 80 is deposited over the structure. The thickness of 
the layer 80 Is preferably no greater than the 
thickness of the second polysiiicon layer 64 (Rg. 
2d), i.e., about 4000 angstroms or less. On top of 
the poTysilicon layer 80, a planarizing layer 82 is 
15 deposited. The planarizing layer 82 can be any of a 
number of known planarizing materials, including, 
for example, spin photoresist. As shown in Fig. 21. 
the planarizing layer Is thinner over the raised 
emitters and gates and relatively thicker in other 
20 regions. The polysiiicon layer 80 and planarizing 
layer 82 are dry-etched to produce the configura- 
tion depicted in Rg. 2j in which polysiiicon is 
exposed around the emitter and gates, but remains 
covered in other areas. A region of polysiiicon will 
26 also be exposed in the area surrounding the emit- 
ters and gates. The exposed polysiiicon 80 is wet- 
etched to remove some polysiiicon in the exposed 
region so as to expose the oxide sidewalls, to 
produce the structure depicted in Fig. 2k. The 
30 planarizing layers 82 are then removed to produce 
the structure depicted in Fig. 21. In an alternative 
embodiment, the planarizing layer 82 is removed 
from tiie structure depicted in Rg. 2j prior to the 
wet-etch of tiie polysiiicon. 
35 A mask is formed which exposes regions 84a, 
84b, 84c, 84d. and 84e (Rg. 2m). The regions are 
then doped p+ to a concentration of between 
about 1x10^^ and IxlO^o, witii a dopant concentra- 
tion of about 1x10^3, preferably using boron. The 
40 p+ mask is removed and another mask is formed 
on the surface of the device to expose regions 86a, 
86b. and 86c (Rg. 2m). The regions 86 are doped 
n + , using an implant energy of about 100 KeV to a 
concentration of between about 1x10^^ and IxlO^o. 
45 with a dopant concentration of between about 
1x10^3 and 1x102o/cm3, preferably using arsenic. 
Additional masking and implants can be performed 
to produce, for example, p-region 88 for forming 
poly-resistors. AWiough the described process in- 
50 dudes forming the p+ doped regions prior to 
forming the n+ doped regions, it is equally fea- 
sible to form tiie n+ doped regions prior to the p + 
doped regions. Following formation of the doped 
regions, tiie polysiiicon is annealed by heating to 
55 about 850 to 950" 0 for about 10 to 20 minutes. 

Anotfier mask is tiien formed over the device 
for tiie protection of the desired doped polysiiicon 
regions, and the device is etched witii chlorine or 
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bromine chemistry to pattern tiie polysilicon, pro- 
ducing the configuration depicted in Fig. 2n. 

Next, a layer of screen oxide is formed on the 
surface of the device over regions where it is 
desired not to form silicide, such as on the resis- 
tors. A layer of refractory metals, such as titanium, 
molybdenum, tantalum, tungsten, or the like, is 
then deposited across the surface of the device. 
Using means welt known to those skilled in the art, 
the layer is heated to about 750* C for about 10 
seconds, preferably using a rapid thermal anneal 
(RTA), as needed to form an initial amount of 
silicide that wiil adhere to the adjacent layers of 
polysilicon. In this reaction, the refractory metal 
does not react with SiOa. Unreacted metal, princi- 
pally metal in contact with any oxide, is removed, 
for example, using H2O2 or NH3OH. The device Is 
again heated to cause a second silicide reaction to 
occur, completing the reaction between the refrac- 
tory metal and adjacent polysilicon and epitaxial 
silicon. The reaction Is preferably conducted in two 
steps, as described, because reaction of a refrac- 
tory metal in a single step or pulse may cause 
undesirable reaction of the refractory metal with the 
sidewall oxide layers. The resulting structure Is 
depicted in Fig. 2o. As shown in Fig. 2o, the 
silicide layer 4€a extends up to and contacts the 
sidewall oxide 44 in the bipolar device. Similarly, 
the silicide layers 54a, 54b, 54c, 54d extend up to 
and contact the sidewall layers 42, 42* of the MOS 
devices. 

As shown in Fig. 2p. an oxide layer 56 is 
deposited and masked, as is well known in the iart, 
to form contact holes therein. Metal 58 is deposited 
on the surface of the device, masked, and etched 
from selected regions, providing the device shown 
in Rg. 1. 

It is to be understood that the above descrip- 
tion Is intended to be illustrative and not restrictive. 
Many variations of the Invention will become appar- 
ent to those skilled in the art upon review of this 
disclosure. Merely by way of example, particular 
regions of the device shown herein have been 
Illustrated as being p-type or n-type, but it will be 
apparent to those skilled in the art that the role of 
n- and p-type dopants may readily be reversed. 
Further, while the invention has been illustrated 
with respect to specific dopant concentrations in 
some instances, it should also be clear that a wide 
range of dopant concentrations may be used for 
many features of the devices herein without depart- 
ing from the scope of the invention. Still further, 
while the invention herein has been illustrated pri- 
marily in relation to the 6ICM0S device, many 
facets of the invention could be applied In the 
fabrication of bipolar transistors. MOSFETs, or oth- 
er devices in isolation or combination. The scope 
of the invention should, therefore, be determined 



not with reference to the above description but, 
instead, should be determined with reference to the 
appended claims along with their full scope of 
equivalents. 

5 

Claims 

1. A method for forming a transistor device on a 
substrate, comprising: 

70 forming at least a first active region in said 

substrate: 

forming a first polysilicon layer of a first 
conductivity type on the surface of said sub- 
strate; 

75 removing selected portions of said first 

polysiiicon layer to pattern said layer and dop- 
ing at least a first ridgion of the first polysilicon 
layer in the area above said active region, said 
first polysilicon region having an upper surface 

20 and first and second sidewall surfaces; 

forming first and second oxide spacers on 
said first and second sidewall surfaces; 

forming a second polysilicon layer which is 
spaced from said first polysiiicon region by 

25 said first and second spacers, said second 
polysilicon layer having an upper surface. 

2. A method, as claimed in claim 1. further com- 
prising: 

30 forming a coating on at least a portion of 

said upper surface of said first polysilicon re- 
gion and at least a portion of the upper surface 
of said second polysilicon layer, said coating 
comprising a refractory metal; and 

35 reacting said metal with adjacent poly- 

silicon to produce a layer of silicide covering at 
least a portion of said upper surface of said 
first polysilicon region and at least a portion of 
said second polysilicon layer extending up to 

40 said first and second spacers. 

3. A method, as claimed in claim 1, further com- 
prising the step of doping below said first 
polysilicon region with a dopant of a second 

45 conductivity type and annealing said substrate 
to configure an area of said substrate adjacent 
said first polysilicon region as a base portion of 
a bipolar transistor. 

50 4. A method, as claimed In claim 1 , further com- 
prising doping said first polysilicon region to 
configure said first polysilicon region as a gate 
of a field effect transistor. 

55 5. A method, as claimed in claim 1. further com- 
prising doping said substrate in regions proxi- 
mate to said first polysilicon region to fonn 
source and drain regions of a field effect tran- 
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sistor. 

6. A method, as claimed in claim 1, wherein said 

step of forming a first polysilicon region com- 
prises forming a layer of polysilicon, implanting s 
doping material in selected portions of said 
polysilicon layer, and annealing said poly- 
silicon layer. 

7. A method, as claimed in claim 1. wherein said io 
step of forming first and second oxide spacers 
comprises: 

depositing spacer oxide over substantially 
the entire surface of said substrate and said 
first polysilicon region; and 

etching said oxide to remove selected por- 
tions of said oxide, leaving layers of oxide . 
adjacent said first and second sidewalls of said 
first polysilicon region. 

20 

8. A method, as claimed in claim 1. wherein said 
step of forming a second polysilicon layer 

comprises: 

depositing a polysilicon layer over sub- 
stantially the entire surface of said substrate 25 
and said first polysilicon region; 

depositing a planarizing layer; and 
etching the upper surface of said depos- 
ited polysilicon layer to provide said second 
polysilicon layer extending up to said first and 30 
second spacers. 

9. A method, as claimed in claim 1, further com- 
prising implanting doping material in selected 
portions of said second polysilicon layer and 35 
annealing said implanted polysilicon. 

10. A method, as claimed in claim 1, further com- 
prising masking and etching said second poly- 
silicon layer to remove selected portions there- 40 
of for providing desired patterning prior to said 
step of coating. 

11. A method, as claimed In claim 1, further com- 
prising removing unreacted portions of said 4S 
refractory metal. 

12. A method, as claimed in claim 1, further com- 
prising: 

forming a layer of nitride over at least so 
portions of said first polysilicon region. 

ia A method, as claimed in claim 1. wherein said 
substrate includes an epitaxial layer. 

55 

14. A method for forming a transistor device, com- 
prising: 

providing a silicon substrate; 



forming at least a first buried doped layer 
in said substrate; 

forming a first polysilicon layer on the sur- 
face of said substrate; 

removing selected portions of said first 
polysilicon layer to pattern said layer so as to 
provide a first polysilicon region on said sub- 
strate in the area above said first buried layer, 
said first polysilicon region having a upper 
surface and first and second sidewall surfaces; 

doping said first polysilicon region; 

annealing said substrate; 

depositing spacer oxide over substantially 
the entire surface of said substrate and said 
first polysilicon region; 

dry-etching said oxide to remove selected 
portions of said oxide, leaving layers of oxide 
adjacent said first and second sidewalls of said 
first polysilicon regions; 

depositing a second polysilicon layer over 
substantially the entire surface of said sub- 
strate and said first polysilicon region; 

depositing a planarizing layer; 

dry-etching the upper surface of said de- 
posited polysilicon and said planarizing layers; 

wet-etching the upper surface of said de- 
posited polysilicon layer to provide said sec- 
ond polysilicon layer extending to said first and 
second spacers wherein said second poly- 
silicon layer is separated from said first poly- 
silicon region only by said first and second 
• spacers; 

masking and etching said second poly- 
silicon layer to remove selected portions there- 
of for providing desired patterning; 

forming a coating on said upper surface of 
said first polysilicon region and at least a por- 
tion of the upper surface of said polysilicon 
layer, said coating comprising a refractory 
metal, said step of forming a coating being 
conducted after said step of masking and etch- 
ing said second polysilicon layer; 

reacting said metal with adjacent poly- 
silicon to produce a layer of silicide covering at 
least a portion of said upper portion of said 
first polysilicon region and at least a portion of 
said second polysilicon layer and extending up 
to said first and second spacers; and 

removing unreacted portions of said refrac- 
tory metal. 

15. A bipolar transistor comprising: 
a silicon substrate; 

a doped buried layer fomned In said silicon 
substrate; 

a first doped polysilicon region fomned on 
the surface of said substrate overlying at least 
a portion of said buried layer said first poly- 
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silicon region having an upper surface and first 
and second sidewalls; 

a doped gate region located In said sub- 
strate immediately under said first doped poly- 
silicon region; s 

first and second sidewall spacers formed 
adjacent to said first and second sidewalls of 
said first polysilicon region; 

a second polysilicon layer fonmed on the 
surface of said substrate said layer having on io 
upper surface and extending up to said first 
and second spacers; 

metal silicide formed on at least a part of 
said upper surface of said first polysilicon re- 
gion and at least a part of said upper surface 76 
of said second polysilicon layer, said silicide 
which is on said second polysilicon layer ex- 
tending up to said first and second spacers. 

16. A transistor, as claimed in claim 15. wherein 20 
said substrate includes an epitaxial layer. 

17. A transistor, as claimed in claim 15, wherein 
portions of said substrate and said first poly- 
silicon region are doped to configure said first 25 
polysilicon region as the gate of a field effect 
transistor. 

18. A transistor, as claimed in claim 15, wherein 
selected portions of said substrate are doped 30 
such that a portion of said substrate adjacent 

said first polysilicon region is configured as a 
base portion of a bipolar transistor. 
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